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1 Introduction 
 Prion diseases 
ANIMAL PRION DISEASE
HUMAN PRION DISEASE 
 History of prion research 
 Molecular nature of prions 
 Structure of PrP 
 The biology of PrPC – the normal cellular form of PrP 
 The biology of PrPSc – the pathological form of PrP 
 Animal prion diseases 
1.7.1 Scrapie 
1.7.2 Bovine spongiform encephalopathy  
1.7.3 Chronic wasting disease 
1.7.4 Prion disease in dromedary camels (CPD) 
 Human prion diseases 
1.8.1 Creuztfeldt-Jakob disease 

1.8.2 Fatal familial insomnia  
1.8.3 Gerstmann-Straussler-Scheinker syndrome 
  Prion-like disease and prions 
 Prion protein conformational change and aggregation  
 Prion-induced neurodegeneration 
 Cell-to-cell spread of prions 

 Topological forms of prion protein 
 Prion strains  


 Synthetic prions 
 The role of immune system in prion diseases 
 Detection of prions 
1.17.1 In vitro detection systems of PrPSc 
1.17.2 In vivo detection systems of PrPSc 
Large animal models 
Primate models 
Rodent models 

Invertebrate models 
 Drosophila models of prion disease 
 Drosophila genetics 
 Aims and objectives of the project 
 
 
 
 
 
2 Materials and methods 
 Plasmids 
 Recombinant prion proteins 
 Drosophila melanogaster 
 Construction of PrP transgenic flies with insect signal peptide 
 Restriction enzyme digest of plasmid DNA 
 Ligation of PrP transgenes into the pUASTattB or pJFRC19-MUH 
vector 
 Preparation of calcium-competent DH5α 
 
 
 Transformation of calcium-competent cells 
 pUASTattB- and pJFRC19-MUH-PrP-mediated transgenesis in 
Drosophila  
 Validation of transgenesis in PrP transgenic Drosophila  
 Cre-mediated excision of the RFP cassette from PrP transgenic 
Drosophila  
 Chromosome balancing and construction of dual PrP flies 
 
 Construction of dual PrP transgenic flies 
 Fly head collection 
 Bicinchoninic acid assay (BCA) 
 SDS-Polyacrylamide gel electrophoresis and western blot 
 Investigation of PK-resistance of mammalian brain 
homogenates 
 Investigation of PK-resistance of PrP transgenic flies 
 Capture-detector ELISA 
 Verification of LexA-mediated targeted gene expression  
 Lethality tracing experiment 
 Neuromuscular junction (NMJ) analysis 
2.22.1 Imaging and data analysis 

 Protein misfolding cyclic amplification (PMCA) 
 Real-time quaking-induced conversion (RT-QuIC) 
 
 Drosophila survival assay 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
3 Chapter 1 - Construction and characterisation of 
mammalian PrP transgenic flies  
 Introduction 





 Results 
3.2.1 Construction and characterisation of mammalian PrP transgenic 
flies 
3.2.2 Transgenesis vectors used for Drosophila PrP transgenesis  
3.2.3 Fly transgenesis and chromosome balancing 
3.2.4 Generation of murine 3F4 and hamster PrP transgenes  
  
 

3.2.5 Generation of ovine PrP transgenes 
  
3.2.6 Generation of human PrP transgenes 
3.2.7 Generation of cervid PrP transgenes 
 
  Discussion 
PRNP
 Table 6. List of all categories of PrP transgenic flies generated in this thesis. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
4 Chapter 2 - Targeted protein expression in PrP 
transgenic Drosophila 
 Introduction 



 Results 
4.2.1 Total protein content in Drosophila heads 
4.2.2 Verification of dual expression fly drivers by fluorescent markers 
4.2.3 PrP expression in PrP transgenic Drosophila  
PrP expression in mouse 3F4 and hamster PrP transgenic flies 

PrP expression in ovine PrP transgenic flies 

  

 
PrP expression in human PrP transgenic flies 
PrP expression in cervid PrP transgenic flies 

  Discussion 






  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 Chapter 3 - Acquired and spontaneous prion-
induced pathology in PrP transgenic Drosophila 
 Introduction 



 Results 
5.2.1 Absence of PrP in the non-transgenic Drosophila host  
5.2.2 Acquired prion disease modelled in Drosophila larvae 
Gross morphology changes in VRQ expressing Drosophila larvae 
Neuronal architecture analysis of VRQ expressing Drosophila larvae 

5.2.3 Genetic prion disease modelled in Drosophila  
Mouse 3F4 and hamster PrP expression under different conditions in PrP 
transgenic flies 
Proteinase-K resistance of misfolded PrP of mammalian origin 
Proteinase-K resistance of mouse 3F4 and hamster PrP transgenic flies 
associated with human genetic prion disease 
5.2.4 Cell-to-cell spread of prions modelled in Drosophila  
Pan-neuronal PrP expression in dual PrP transgenic flies  
Proteinase-K resistance of misfolded PrP in dual PrP transgenic flies  
Detection of misfolded PrP in dual PrP transgenic flies  
Phenotypic assay of spontaneous neurotoxicity in dual PrP transgenic flies  


 Discussion 











6 Final discussion 
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8 Appendix 
 Complete list of genotypes of PrP transgenic Drosophila and driver 
fly lines 
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 
 List of PrP transgene sequences  










 List of primers used in the project 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
 Fly crosses for 57C10-n-Syb-LexA driven lethality tracing  
 ♀
♂  = 
♀
 ♀
♂
♀
 ♀
♂
♂
 ♂
♀
 Methods performed in collaboration with other researchers 
8.5.1  Locomotor ability assay  
8.5.2 Fly crosses for neuromuscular junction (NMJ) analysis  
∷8.5.3 Prion-infection of Drosophila larvae for NMJ analysis 
8.5.4 Dissection of Drosophila larvae for NMJ analysis 
8.5.5 Immunostaining of fly larvae for NMJ analysis 
8.5.6 Protein misfolding cyclic amplification (PMCA) 
8.5.7 Real-time quaking-induced conversion (RT-QuIC) 
 
8.5.8 Absence of PrP in the non-transgenic Drosophila 

 Fly crosses performed to obtain dual PrP transgenic flies  
 
 
 
 Multiple alignment of PrP amino acid sequences of different 
species 
CLUSTAL O (1.2.4) multiple sequence alignment; all sequences compared have insect 
signal peptide; human = M129, ovine = VRQ(GPI), mouse = mouse 3F4 WT, hamster = 
hamster WT and cervid = N138 
human        MASKVSILLLLTVHLLAAQTFAQKKRPKPG-GWNTGGSRYPGQGSPGGNRYPPQGGGGWG 59 
mouse        MASKVSILLLLTVHLLAAQTFAQKKRPKPG-GWNTGGSRYPGQGSPGGNRYPPQG-GTWG 58 
hamster      MASKVSILLLLTVHLLAAQTFAQKKRPKPG-GWNTGGSRYPGQGSPGGNRYPPQGGGTWG 59 
ovine        MASKVSILLLLTVHLLAAQTFAQKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGWG 60 
cervid       MASKVSILLLLTVHLLAAQTFAQKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGWG 60 
             ****************************** ************************ * ** 
 
human        QPHGGGWGQPHGGGWGQPHGGGWGQPHGGGWGQGGGTHSQWNKPSKPKTNMKHMAGAAAA 119 
mouse        QPHGGGWGQPHGGSWGQPHGGSWGQPHGGGWGQGGGTHNQWNKPSKPKTNMKHMAGAAAA 118 
hamster      QPHGGGWGQPHGGGWGQPHGGGWGQPHGGGWGQGGGTHNQWNKPSKPKTNMKHMAGAAAA 119 
ovine        QPHGGGWGQPHGGGWGQPHGGGWGQPHGGGGWGQGGSHSQWNKPSKPKTNMKHVAGAAAA 120 
cervid       QPHGGGWGQPHGGGWGQPHGGGWGQPHGGGGWGQGGTHSQWNKPSKPKTNMKHVAGAAAA 120 
             *************.*******.********    **:*.**************:****** 
 
human        GAVVGGLGGYMLGSAMSRPIIHFGSDYEDRYYRENMHRYPNQVYYRPMDEYSNQNNFVHD 179 
mouse        GAVVGGLGGYMLGSAMSRPMIHFGNDWEDRYYRENMYRYPNQVYYRPVDQYSNQNNFVHD 178 
hamster      GAVVGGLGGYMLGSAMSRPMMHFGNDWEDRYYRENMNRYPNQVYYRPVDQYNNQNNFVHD 179 
ovine        GAVVGGLGGYMLGSVMSRPLIHFGNDYEDRYYRENMYRYPNQVYYRPVDQYSNQNNFVHD 180 
cervid       GAVVGGLGGYMLGSAMNRPLIHFGNDYEDRYYRENMYRYPNQVYYRPVDQYNNQNTFVHD 180 
             **************.*.**::***.*:********* **********:*:*.***.**** 
 
human        CVNITIKQHTVTTTTKGENFTETDVKMMERVVEQMCITQYERESQAYYQ--RGSSMVLFS 237 
mouse        CVNITIKQHTVTTTTKGENFTETDVKMMERVVEQMCVTQYQKESQAYYDGRRSSSTVLFS 238 
hamster      CVNITIKQHTVTTTTKGENFTETDIKIMERVVEQMCTTQYQKESQAYYDGRRSS-AVLFS 238 
ovine        CVNITVKQHTVTTTTKGENFTETDIKIMERVVEQMCITQYQRESQAYYQ--RGASVILFS 238 
cervid       CVNITVKQHTVTTTTKGENFTETDIKMMERVVEQMCITQYQRESQAYYQ--RGASVILFS 238 
             *****:******************:*:********* ***::******:  *.:  :*** 
 
human        SPPVILLISFLIFLIVG 254 
mouse        SPPVILLISFLIFLIVG 255 
hamster      SPPVILLISFLIFLMVG 255 
ovine        SPPVILLISFLIFLIVG 255 
cervid       SPPVILLISFLIFLIVG 255 
             **************:** 
 Multiple sequence alignment of mature PrP DNA from different 
species 
CLUSTAL O(1.2.4) multiple sequence alignment; all sequences compared have insect 
signal peptide; human = M129, ovine = VRQ(GPI), mouse = mouse 3F4 WT, hamster = 
hamster WT and cervid = N138 
 
 
ovine        ATGGCGAGCAAAGTCTCGATCCTTCTCCTGCTAACCGTCCATCTTCTGGCTGCTCAGACC 60 
cervid       ATGGCGAGCAAAGTCTCGATCCTTCTCCTGCTAACCGTCCATCTTCTGGCTGCTCAGACC 60 
human        ATGGCGAGCAAAGTCTCGATCCTTCTCCTGCTAACCGTCCATCTTCTGGCTGCTCAGACC 60 
mouse        ATGGCGAGCAAAGTCTCGATCCTTCTCCTGCTAACCGTCCATCTTCTGGCTGCTCAGACC 60 
hamster      ATGGCGAGCAAAGTCTCGATCCTTCTCCTGCTAACCGTCCATCTTCTGGCTGCTCAGACC 60 
             ************************************************************ 
 
ovine        TTCGCCCAGAAGAAGCGACCAAAACCTGGCGGAGGATGGAACACTGGGGGGAGCCGATAC 120 
cervid       TTCGCCCAGAAGAAGCGACCAAAACCTGGAGGAGGATGGAACACTGGGGGGAGCCGATAC 120 
human        TTCGCCCAGAAGAAGCGCCCGAAGCCTGGA---GGATGGAACACTGGGGGCAGCCGATAC 117 
mouse        TTCGCCCAGAAAAAGCGGCCAAAGCCTGGA---GGGTGGAACACCGGTGGAAGCCGGTAT 117 
hamster      TTCGCCCAGAAGAAGCGGCCAAAGCCTGGA---GGGTGGAACACTGGCGGAAGCCGATAC 117 
             *********** ***** ** ** *****    ** ******** ** ** ***** **  
 
ovine        CCGGGACAGGGCAGTCCTGGAGGCAACCGCTATCCACCTCAGGGAGGGGGTGGCTGGGGT 180 
cervid       CCGGGACAGGGAAGTCCTGGAGGCAACCGCTATCCACCTCAGGGAGGGGGTGGCTGGGGT 180 
human        CCGGGGCAGGGCAGCCCTGGAGGCAACCGCTACCCACCTCAGGGCGGTGGTGGCTGGGGG 177 
mouse        CCCGGGCAGGGAAGCCCTGGAGGCAACCGTTACCCACCTCAGGGTGGCA---CCTGGGGG 174 
hamster      CCTGGGCAGGGCAGCCCTGGAGGCAACCGTTACCCACCTCAGGGTGGCGGCACATGGGGG 177 
             ** ** ***** ** ************** ** *********** **       *****  
 
ovine        CAGCCCCATGGAGGTGGCTGGGGCCAACCTCATGGAGGTGGCTGGGGTCAGCCCCATGGT 240 
cervid       CAGCCCCATGGAGGTGGCTGGGGCCAACCTCATGGAGGTGGCTGGGGTCAGCCCCATGGT 240 
human        CAGCCTCATGGTGGTGGCTGGGGGCAGCCTCATGGTGGTGGCTGGGGGCAGCCCCATGGT 237 
mouse        CAGCCCCACGGTGGTGGCTGGGGACAACCCCATGGGGGCAGCTGGGGACAACCTCATGGT 234 
hamster      CAACCCCATGGTGGTGGCTGGGGACAGCCCCATGGTGGTGGCTGGGGACAGCCCCATGGT 237 
             ** ** ** ** *********** ** ** ***** **  ******* ** ** ****** 
 
ovine        GGTGGCTGGGGACAGCCACATGGTGGTGGAGGCTGGGGTCAAGGTGGTAGCCACAGTCAG 300 
cervid       GGTGGCTGGGGGCAGCCACATGGTGGTGGAGGCTGGGGTCAAGGTGGTACCCACAGTCAG 300 
human        GGTGGCTGGGGACAGCCTCATGGTGGTGGCTGGGGTCAAGGAGGTGGCACCCACAGTCAG 297 
mouse        GGTAGTTGGGGTCAGCCCCATGGCGGTGGATGGGGCCAAGGAGGGGGTACCCATAATCAG 294 
hamster      GGTGGCTGGGGTCAGCCCCATGGTGGTGGCTGGGGTCAAGGAGGTGGCACCCACAATCAG 297 
             *** * ***** ***** ***** *****  *  *      *** ** * *** * **** 
 
ovine        TGGAACAAGCCCAGTAAGCCAAAAACCAACATGAAGCATGTGGCAGGAGCTGCTGCAGCT 360 
cervid       TGGAACAAGCCCAGTAAACCAAAAACCAACATGAAGCATGTGGCAGGAGCTGCTGCCGCT 360 
human        TGGAACAAGCCGAGTAAGCCAAAAACCAACATGAAGCACATGGCTGGTGCTGCAGCAGCT 357 
mouse        TGGAACAAGCCCAGCAAACCAAAAACCAACATGAAGCATATGGCAGGGGCTGCGGCAGCT 354 
hamster      TGGAACAAGCCCAGTAAGCCAAAAACCAACATGAAGCACATGGCCGGCGCTGCTGCGGCA 357 
             *********** ** ** ********************  **** ** ***** ** **  
 
ovine        GGAGCAGTGGTAGGGGGCCTTGGTGGCTACATGCTGGGAAGTGTCATGAGCAGGCCTCTT 420 
cervid       GGAGCAGTGGTAGGGGGCCTTGGTGGCTACATGCTGGGAAGTGCCATGAACAGACCTCTT 420 
human        GGGGCAGTGGTGGGGGGCCTTGGCGGCTACATGCTGGGAAGTGCCATGAGCAGGCCCATC 417 
mouse        GGGGCAGTAGTGGGGGGCCTTGGTGGCTACATGCTGGGGAGCGCCATGAGCAGGCCCATG 414 
hamster      GGGGCCGTGGTGGGGGGCCTTGGTGGCTACATGCTGGGGAGTGCCATGAGCAGGCCCATG 417 
             ** ** ** ** *********** ************** ** * ***** *** **  *  
 
ovine        ATACATTTTGGCAATGACTATGAGGACCGTTACTATCGTGAAAACATGTACCGTTACCCC 480 
cervid       ATACATTTTGGCAACGACTATGAGGACCGTTACTATCGTGAAAATATGTACCGTTACCCC 480 
human        ATACATTTCGGCAGTGACTATGAGGACCGCTACTATCGTGAAAACATGCACCGTTACCCC 477 
mouse        ATCCATTTTGGCAACGACTGGGAGGACCGCTACTACCGTGAAAACATGTACCGCTACCCT 474 
hamster      ATGCATTTTGGCAATGACTGGGAGGACCGCTACTACCGTGAAAACATGAACCGCTACCCT 477 
             ** ***** ****  ****  ******** ***** ******** *** **** *****  
 
ovine        AACCAAGTGTACTACAGACCAGTGGATCAGTATAGTAACCAGAACAACTTTGTGCATGAC 540 
cervid       AACCAAGTGTACTACAGGCCAGTGGATCAGTATAATAACCAGAACACCTTTGTGCATGAC 540 
human        AACCAAGTGTACTACAGGCCCATGGATGAGTACAGCAACCAGAACAACTTTGTGCACGAC 537 
mouse        AACCAAGTGTACTACAGGCCAGTGGATCAGTACAGCAACCAGAACAACTTCGTGCACGAC 534 
hamster      AACCAAGTGTATTACCGGCCAGTGGACCAGTACAACAACCAGAACAACTTTGTGCACGAT 537 
             *********** *** * **  ****  **** *  ********** *** ***** **  
 
ovine        TGTGTCAACATCACAGTCAAGCAACACACAGTCACCACCACCACCAAGGGGGAGAACTTC 600 
cervid       TGTGTCAACATCACAGTCAAGCAACACACAGTCACCACCACCACCAAGGGGGAGAACTTC 600 
human        TGCGTCAATATCACAATCAAGCAGCACACGGTCACCACAACCACCAAGGGGGAGAACTTC 597 
mouse        TGCGTCAATATCACCATCAAGCAGCACACGGTCACCACCACCACCAAGGGGGAGAACTTC 594 
hamster      TGTGTCAACATCACCATCAAGCAGCACACAGTCACCACCACCACCAAGGGGGAGAACTTC 597 
             ** ***** *****  ******* ***** ******** ********************* 
 
ovine        ACCGAAACTGACATCAAGATAATGGAGCGAGTGGTGGAGCAAATGTGCATCACCCAGTAC 660 
cervid       ACTGAAACTGACATTAAGATGATGGAGCGAGTTGTGGAGCAAATGTGCATCACCCAGTAC 660 
human        ACCGAGACCGACGTTAAGATGATGGAGCGCGTGGTTGAGCAGATGTGTATCACCCAGTAC 657 
mouse        ACCGAGACCGATGTGAAGATGATGGAGCGCGTGGTGGAGCAGATGTGCGTCACCCAGTAC 654 
hamster      ACGGAGACCGACATCAAGATAATGGAGCGCGTGGTGGAGCAGATGTGTACCACCCAGTAT 657 
             ** ** ** **  * ***** ******** ** ** ***** *****   *********  
 
ovine        CAGAGAGAATCCCAGGCTTATTACCAAAGGGGGGCA------AGTGTGATCCTCTTTTCT 714 
cervid       CAGAGAGAATCCCAGGCTTATTACCAAAGAGGGGCA------AGTGTGATCCTCTTCTCC 714 
human        GAGAGGGAATCTCAGGCCTATTACCAGAGAGGATCG------AGCATGGTCCTCTTCTCC 711 
mouse        CAGAAGGAGTCCCAGGCCTATTACGACGGGAGAAGATCCAGCAGCACCGTGCTTTTCTCC 714 
hamster      CAGAAGGAGTCCCAGGCCTACTACGATGGAAGAAGGTCCAG---CGCGGTGCTGTTCTCC 714 
              ***  ** ** ***** ** *** *  *  *                 * ** ** **  
 
ovine        TCCCCTCCTGTGATCCTCCTCATCTCTTTCCTCATTTTTCTCATAGTAGGATAG 768 
cervid       TCCCCTCCTGTGATCCTCCTCATCTCTTTCCTCATTTTTCTCATAGTAGGATAG 768 
human        TCTCCACCTGTGATCCTCCTGATCTCTTTCCTCATCTTCCTGATAGTGGGATGA 765 
mouse        TCCCCTCCTGTCATCCTCCTCATCTCCTTCCTCATCTTCCTGATCGTGGGATGA 768 
hamster      TCCCCTCCTGTGATCCTCCTCATTTCCTTTCTCATCTTCCTGATGGTGGGATGA 768 
             ** ** ***** ******** ** ** ** ***** ** ** ** ** ****   
